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THE EFFECT OF BXT3RJAL SHAFE UPON THE DRAG OF A SCOOP
- By Irven Haiman aﬁd Paui h. ﬁiil o .
SUKMARY

The principles of HACA cowling design may be applied
t0 scoop falring. Six scoops were bullt and tested to
show the advantege of using these principles. Thrae of

" the scoops had a good nose contour with different after-

body lengths, and three were of inferlor nose shape.

The best scoop tested increased the drag coefficlent
of the alrplane by C.0013, although 1ts froatal area was
over one-fifth that of the fuselage. The critical speed
with the beat nose tested was 400 miles per hour. The
poorest acoop, with same entrance area but smaller frontal

" area, practically doubled the drag of the airplane.

The drag with long afterbodies was fouvnd to be falrly
insensitive to large changes in length. The longest after-
body tested, with a length of eleven times 1ts depth, ap-
peared to bs most favorable.

An appeandlx gives a methoéd of obtaining the dimensions
of a scoop that will give the lowest drag for a given ap~
Plication. In the determinstlon of these dimensions the
power cost of frontal area 1s balanced agalnst the power
cost of internal exransion losses. The analysis shows that
& low form drag scoop with low veloclty entrance glves the
best practical compromise.

INTRODUCTION

-

In the-past, airplanes have been designed with a great
many scoops upon the surfacéi some have fairly bdristled
with scoops. It 1s generally realized today that these
protuberances are a source of considerable drag and that
the .number and size should therefore be redwced as much as
possible, Vhile the most efficlent way to take in the
cooling and engine alr required by an airplane is at the
front stagnation point (fuselage or nacelle), in many air-
cooled engine installations, due to inadequate froantal-
opening, additional air must be drought in through scoope




for auxiliaries such es interooolersend oil ocoolers., It

is also current praotioe on most liquid-cooled engine in-
stallations to house the glycol and oil coolers in a duct
ander the fuselage or nacelle. The present 1lnvestigation
was undertaken to determine tne ocost of a scoop installa-
tion on waich the prinoivles of the NACA cowling (referenoce
1) had been applied. Tnese principles include & nose shape
of suffiolent curvature so that breakaway does not occur
ovaer the lip of the duct at any flight attitude,. and an
entrance large enough to insure small internal expansion
loss: There are presented herein several deslgns of duots
in which the nose and afterbody shapes were varied.

APPARATUS AND TESTS

‘The scoop tests were made on a O,4-scale model of the
XP-41 airplane with a revised fuselage 25 percent longer
than the original one, The model included canopy and open-
_ nose cowling with air flow, dbut no tail surfaces. It was

asgsumed that tall surfaces would have no effect on the
tests.

The tests were run in the 19-foot pressure tunnel at

& dynamic pressure of 50 pounds per square foot and at a
Reynolds number of approximately 3 x 10% based on the mean
wing chord., The model was supported on the usual airfoil
supports and on a special tall support having a high fine-
ness ratio to minimlize buoyancy effects. Lift and drag
measuremerts were made over an angle-of-attack range from
-39 to0 20°,

Six scoops, designated A to F, were tested on the
bottom of the fuselage. The layout of the test arrange~
ments showing the contours of these scoops is given in
figures 1 and 2. All of the scoops had the same area of
nose opening, approximately 47 square inches. Scoops A
to D have well=-rounded noses, increasing the projected
frontal area to 113 square inches. (The projected fuse-
lage frontal area is 502 square inches.) These sooops in-
orease the over-all depth of the fuselage 7%/, inches.

This large slze was used in order to obtain accuracy in
testing. Sooops A to C have the same nose with afterbodies
of sucoessively decreasing lengths (fig. 1). The nose oon-
tours may be seen in figure 3. As.the nose contour ap-
proaches the intersection with the fuselage all radil of
curvature ‘greatly increase. ' A streamline nose is also pro-
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vided and was tried ‘on scoop A (fig. 1). The afterbodies
are tapsred mostly in depth dnd very lititle in width.
Scoop A was provided with an exit slot 10 inches long and
widthe of 0.3 inch, 0.6 inch, and & 30° flsp opening to
1.7 inches (figs. 1, 4, and B). The exits for scoops B
and C were obtained by an alternate tall with the end cut
off (fig. 6). .

Scoop D (figs. 6 and 7) has the medium afterbody of B,
but has & tharp—edge nose resulting from a simple sheet-
metal constructlion. However, the longltudinal contours of
the nose-~llp are well rounded on both the bottom and sides.

Scoop D; is the same as scoop D except that a strip

of metal is cut from the side of tkhe ecoop nose. This
strip tapers from nothing at the cormer of the scoop to 1
inch at the intersection with the fuselage (fig. 2).
Scoop Dz is similar except tha’i the strip tapers from no-
thing %o 2 inches. The scoop nose was trlmmed back to see
wvhat drag penalty 1s imposed by decreasing the nose radius
at the lntersection with the fuselege.

Scoop E (figs. 2 and 8) has strailght sides, so that
the maximum area is the same as tket of the nose opening.
Scoop ¥ is aprrorzimately conical in shape with a ratio of
length to depth of 3. It was designed to test the form
drag only, having no exlt passage to provide for air flow.

The noses of gcoops & to I weare directly below the
leading edge of the wing. Scoop D was elso tried with its
nose 8 lnches behind the lesading edge to see if the prox-
imity of the wing had any stabilizing effect on the flow
over the scoop. In this positlon 1t is designated Dy,

A baffle plate with twonty l-inch holes (conductance
arsa = 10.2 8q.in.) obstructed the internal air flow for
scoops A, B, C, and D. Scoop E had no baffle plate and
scoop F was not tested with air flow.

The additional drag due to the cooling air (reference
1) is given by

3/a -
aept = F(B)

For this model with KF = 10.2 sq in., this equation hecomes
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ACpi = 0.002 (-;3)

Pitot and static pressure measurements were made to
determine the total pressure in the nose, ths pressure
drop ecross the baffle, and the velocity in the exit. In
the nose of scoop &, three rows of surface stiatlc pressure
orifices were installed to determine the pressurs distri-
bution slong the surfasce. Taese were locatsd on the bot-
tom center lire, or tie corner where the Bcoop turned up-
vard, and in the fillet at the body Juncture, esnd are desig-
anated a, b, and ¢, respectively, in figure 3.

SYMBOLS

A coaductance aree of baffle
a3 area of entrance:
Ag area of exlt
c mean aerodynamic chord of wing, 2.48 feet
c - loss céefficient due to angie of expension
.Cp drag coefficient (D/q,S)
“D increase 1ﬁ.drag coefficient caused by scoop

ACp! calculated lncrease in drag coefficlent caused by
air flow

"Gp: . drag coefficient of scoop, based on its frontal
area : .

C; 1ift coefficilent (L/q45)
c pitching-moment coefficlent (M/q,cS)
drag force

n
D

¥ area of duct et baffle plate

k. .ratio of scoop frontal erea to.entrance area
K

conductance of baffle plate (4/F)
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conductence of entrance ‘vg 7T iﬂ
XN T\ /
conductance of exit (43/7F)
11ft forcée
momént about quarter-chord point

Mach number

.static pressura on surface, referred to static
pressure of alr strean

total pressurs in front of baffle plﬁte, reférred
to stat}c pressure of alr stream

total pressure in raar of baffle plate, referred
to statle pressure of elr stream

gstatic pressure at exit, refer;ed“tp static pres-
sure of alr strean. '

pressurs ATop 4CTO8S baffle (py = pg)

pPressure drop in entiance

pressure’ drop in exit

.bvqr-all ﬁreasubb difference whsn no eir 1s flowving

;mpact pressure of alr stream, referred to statlc
pressure of airzs%réam [1/2 pV2 (1 + 1/4 N2 + ...)]

"dynamic pressure in dues (1/2 p?ja)

ngnylty'of air flow -

__wing arag..ss.a sﬁuére feet

;yeldhity of air stream _

veloclty in entrance '(Q/xl)“

_veloeity in exit. (QfAg)

“vblocit&'in_ducﬁ at baffle pIate'.(Q/T)




a angle of attack

o] mass denslity of alr stream
RESULTS AIXD DISCUSSION

Dreg.- The 1ift, drag, and pitching-moment coelfi-
cients as functions of angle of attack are given in fig-
ures 2 and- 10 for the basic model ard the model with
scoop B with eir flow, respectively. Figure 11 gives the
drag coefficiert O3 for the various test arrangements
plotted in poler form as & function of the 1lift coeffia
cient CL up to Cf = 0.4. At the 1lift coefficient cor-

responding to high-sreed flight, 9.117, table I gives the
drag coefficlient aad the izcrsment 4Cp over the Ddaslc

drag.

The drag coefficlent of the model in the bssic condi-
tion is 0.Cl3¥8. Dsaucting the induced dreg and the pro-
file drag of the exposed rortion of the wing, as given 1in
raference 2, the fuselage drag may be taken as 0.0060.

The addition of scoop A increassed the frorntal erea dy 22.5
perceat. The exvected drag increase is thus 0.0013 the value
gntnc? e s%tairsl for scoop A with the streemline mose (run 2).
dhen tue bluct nose 1is used, however, the drag is increased
slightly. Scoops &, B, C, and D, each add a drag increment
of 0.0017 and scoonp D, 0.0019, Eho differencesbetween
these drag values are not eignificant, being within the ex-~
perimesntel error, and it erpears that there wes no particu-
lar stablllzling effect due to the pressure gradlent at the
leading edge of the wing. %TLe dreg of the blunt nose at
zero alr flow 18 not the true measure, for the bluntness

is present to accomnmodete air flow. In several cases the
opening of the exit to allow air flow reducsd the drag,
though never below the basic value of 0,0013. Inasmuch

as the calcuiated cooling drag increment at meximum air
flow is only 0.0002, epproximately the experimental error,
the scoop drag-increments with cooling eir should be 0.0015
£0.0003. The results in table I are therefore considersed

a very good check, and indicate that an external scoop in-~
stallation for an oil cooler or intercooler can be made at
low cost.

Scoops-E and F were tested to show that an attempt to
limit the frontal area of the scoop to the inlet area re-
sults 1in very high drag increments because of the poor nose
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shape. Scoop E with a drag increment of 0.0085 has five
times the drag of scoop B, .and scoop ® with .0.0137 has
eight times the drag of scoop B, almost doubling the model
drag. Scoops D; and Dg (scoop D with cuts made at the
Juncture) further 1llustrate the necessity for good flow
over the leading edge of the scoop. Scoop Dz almost
doubled the drmag of scoop D. . - -

.~ The pressure readings at various
places in the entrance of the scoop, behind the baffle,
and 1n the exit are glven as fractions of the dynamic pres-
sure in tables II and III, There 18 a considerable vari-
ation in the velue of thls pressure at the several loca-
tions in the entrance. The bounndary layer at the surface
of the fuselage causes a lower pressure at the top of the
scoop than at the bottom. Beceause of this pressure dlffer-
ence there ls set up a2 swlrl or cross flow 1n the eantrance,
such that the alr enters along the central and bottom por-
tions of the scoop, passes toward the baffle, turns upward,
comes forwerd along the ton of the emtrance, urd .apllls ou’ along
the flllet. Because of this flow pattsra, tne survey tubes
are not alined with the local flow, glving an erroreous
pressure readling. It 1s for this reason that the front
Pressures apbear to be such a small proportion of the stream
g. Table III ghows that at high rates of air flow (which
tend to eliminste the swirl pattern) the front pressure
readlngs come almost to stream gq. At high angles of at-
tack, the alr flows oblliguely across the fuselags, reduclng
the boundary layer underneath the fuselage. This smaller
boundary layer reduces the cross flow in the scoop en-~
trance, resulting 1ln a higher value of the front pressure.

The swirl in the entrance 1s an undesirable feature
from the standpoint of cooling, and an attempt should be
made to eliminate the effect of the boundary layer by a
Plate separating the high and low energy air.

Jith air flow the pressure drop across the baffle is
glven,  in table III, The pressure drop was taken as the
difference between thas baffle pressure and the rear pres-
sure. The static pressure in the exilt 1s omitted for
scoop 4 becav.se of faulty measurements., The exit area was
apparently too small for adequate alr flow with scoop A.
However, the effect of the flap in increasing the pressure
drop 1s notable. For.the larger baffle conductance ap-
pProximately 0.7q was obtained. It 1s realized that the
drag increase with flap was expensive from the standpoint
of drag, but in the take~of? and climb 1t is the cooling
that 18 211l important.



Surfece pressure surver.- Observation of the pressure
distribution over the nose of gcoop & was made without

internal air flow. This condition gives the maximum ex~
ternal velocities and therefore the most severe surface
pressure conditions. Surface pressures are presented for
angles of attack of 1.1° and 8.7°, representing the high-
speed and climb conditions. The maximum negative pressure
on-the scoop nose occurs et the lowest angle of attack,
Figure 12 shows tanat for an angle of atteck of 1.1° the
maximum negative p/q 1s 1.6, occurring on the center line
of the scoop. This value of p/q corresponds to a criti-
cal speed of 420 miles per hour at sea level and 395 miles
per hour at 20,000 feet altitude. By reducing the curva-
ture at the point of maxzimum negative pressure, tae veloc-
ity at tris polnt can be reduced, thereby lncreasing the
criticel speed. In this manner a contour may be obtalned
satlsfactory for any desired design speed.

CCECLUDIXG REKARK

Zhe most desirable place to teke in cooling air for
accessorles, such as oil coolers, intercoolers, etc., 1s
at the nose of the fuselege or nacelle, even 1f 1t 1s ne-
cegsary to lncrease thas cowling area. Zowever, 1f 1t 1s
necessary to taks eir in through a scoop or urderslung
duct, low scoop drag mal; be secured by utilizing the deslgn
principles of the u5ACA cowling. This design involves the
use of well-rounded nose conitours, thus giving a frontal
area much larger than the inlet arza. Scoops tested with
this type of nose gave not only a low drag increase dut
a critical speed of 400 mliles per hour with no air flow.

Scoop drag was found to be quite insensitive to
changes 1la aftervody length in the range of four to eleven
tlmes the scoop depth. Eowever, with gir flow, the drag
decreased slightly with increasing length, the lowest vel-
ue being ovtelned with ecoop A. This scoop was of such
length that 1t practically merged into the body without a
break 1n the contour lines, Complete disregard of the
vrrinciples of falring resulted in & scoop which almost
. doubled the dreg of the model.

Langley Memorial Aeronautical Laboratory,
NHatlional Advisory Committee for Aeronautics,
Langley Fileld, Va..
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. - -- . APPREDIX .

Analysis of Scoop Design

The results of this study may be incorporated into
the known principles of scoop design. The design of a
scoop may be divided into two parts: the design of the
duct and the design of the external shape.

The duct.- The duct consists of an entrance area, an
expanslion reglon, the working region, and the exhaust
reglon. Tor a carburetor duct the carburetor is the work-
ing reglion and tkere 18 no exhaust reglion to be considersed.
The worklng region is the one in which the oll cooler,
prestone cooler, intercooler, or alr-~cooled engine is
Placed. The cooling specifications for this reglon in-
clude a certain quantity of air flow § et a certaln al-
titude (deterzining the air dsneity p). The heat ex-
changer has a frontal arsa F snd 1ts internal rssistance
ls such thet a pressure differeance &p is required to
secure the rejuired gquantity of alr flow. Thess elements

may 211 be included in ons quantity, the conductance,
given by

X =2 co forras 1
T 24p (1) _
1 /8% 4 2
or > P \F aa ¥ Q
gp 2PN/ _zRTr  9p (2)
Ap Ap ap

where VF = Q/F and qp s the dynamic pressure in the

duct at the heat exchanger. For oll and prestone coolers
K 1is approximately 0.5, for intercoolers 0.2 to 0.3, de-
pending upon design. Tightly baffled air-cooled englnes

vary from 0.1l0 to 0.18 depending wpon the number of oyl~-

inders; loosely baffled engines may be as high as 0.5.

The over-all pressure difference AP 1is equal to the
difference between the total pressure at the entrance to
the duct system and the static pressure at the exit. In
addition to the pressure loss Ap across the heat ex-
changer, there 1s an additional loss Ap1 due to expansion
in the entrancs. A4p, and 4&p are total pressure losses
and appear as drag of the cooling system. The pressure
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difference remeining after deducting Ap, and Ap from
AP 18 the differance beiween the *otal pressure 1an the
exit passage and the static pressure at the exit. This
pressure difference may be designated Apz and 1s, of
course, egual to the dynamic pressure of the air at the
exit, The pressuru equation 1s thus given as

AP = &p, + Ap + LDa (3)

If the duct system is very long, a further allowance willl
nave to be made for friction and berd losses.

Inasmuch as the entrance loss &p; 1s a total pres-
sure loss, wiereas 4pz; 18 tkhke dynamlc pressure of ths
exit alr, it 1s ssen taet any throttling of the flow
should occur by constriction of the exit. Throttling in
tre entrance region can be accomplished only oy pressure
loss with a conseguent increase in drag.

Zntrance and exit conductances may be defined in a
manner similar to eguation (2).

E1® = ag/8p: ' (4)

Za? = QF/APa (5)

Egquation (2Z) may be rswritter as

AP Ap el
er _ 80, . Lra
ip -t Ep tIp
/ T \® id )3
,=1+' o [ m—_— 6
\zl> (xa : (6)

In order to secure the propsr apportionment of the
over~all pressure AP, it is thus necessary to make X,
as large as practicable (to reduce tha ontrance loss) and
to make Kz &8s small as is necessary to balance the egqua-
tion. :

The. entrance -conductance K, may be determined as
follows. . The expansion loss in the entrance region in
passling from en area A3 to an area F 1s given by
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Apl = C pY

o

3 / a 3
SE-3)

Upoa substituting A,V, = er, then
celov2(E - )3
A;p;_--ca.pvj,(Al 1

(X _1)%

e (3;-1)

vhere ¢ 18 a factor dependent upon ths engles of dilverg-
enoe of the walls (fig. 13)(refereace 2), and V,; 1s the
veloclity at 4,, and ?F is the velocity et ¥. Then

-]
K 2 A'J, 4"
1 q-r J

This function 1s given in figure 14. The range of c 1is
from 0.13 to 1.21 spproximately 1310; that 1is, the worst
internal expansion will have ten times +he entrance loss
that a pnerfeot one would have. The effect of an expansion
angle larger than the optimum can be easlly compenseted
by increasing the entrance arae somewhat. (See fig. 14,)
Thus, an opening only slightly larger then the minimum
vill permit e short entranoe length.

From equetions (2) and (4)

1l Ap,
=
K]_B KaAp

Thus, with K and 4p specified, selection of A4p, de~-
termines K,. Conversely, if the geometric design is
selected, Ap; 1s determined, For example, for a radiator
vith & required pressure drop of 40 pounds per square foot
ERAp = 10 pounds per square foot. If tne entrance aree 1s
0.45 ¥, the entranoes loss 1s between 2 and 18 pounds per
square foot, An increase of area to 0.56 F sets a loss of
8 pounds per square foot as an upper limit with 3 or 4 as

a more probable value. ’

The problem of the permissible entrance loss is tied
up with the problem of secur ing’ adequate air flow in the
olimb oondlitions. Beoause of the low alr speed the ensrance
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loss muast be made small. The over-~all pressure difference
may be improved by placing tha entrarce and exit in the
propeller slipstream. By fitting a flap to the exit under
these conditions, over-all pressure dlfferenoes four or
f%ve times the dynamic pressure may be obtained (reference
3l).

The exit oonductance Eg may be determined as fol-
lows:?

]
Apg = % p¥a

for FVF a AgT73. Tae exit conductance is thus given as

Ez® = qp/bps = (33/3)3
or
Kz = Ag[F (8)

4n exact method of determining the dimenslons of Ag
for all flow coxditvions is rather diffioult. Howevar,
two general rules mayr bs used &8 a first estimate: (1)
If Apsz > 0.5q, the minimum area of the exit perpendicu-~-
lar to the flow lines out of the slot is a good estimatlon,
(2) If Apg < 0.5q, en area larger than that oomputed by
the 2bove formula will have to be used sinoe the velocity
distridbution across the slot is not uniform.

Exterpal desien.~ Tue flow pattern of the eir ap-

proaching the entrance determines the external design of
the sooop. If-the entranoe vsloclty epproximately equals
stream velocity the streamlines will be nearly streight.

A sherp lesding edge would be permissible under these con-
ditions. V¥hen the ratio of entrance vsloolity to stream
veloclty is low, the streamlines turn sharply outward and
after pessing the edge of ths scoop entrence must again
turn through approximately 90° to resume their originel
direction. This low -ratio is usunally the oondition with
high flight speeds, siance the upper 1limit of this ratio
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1s detsrmined by the cooling requirement in climd., 4
well-rounded nose contour 1s necessary to prevent the oc~
currence of high negative pressures with attenddnt com-
pressibllity and separation losses. This design, of
course, necessitates a projected frontal area much larger
than the intake opening 1n order to secure the proper
fairing, Just as in the case of the NACA cowling, the
radius of curvature of the longltudinal nose contours
gshould greadually increase toward the rear to avold a sudden
decrease of negative pressurae.

Afterbodies must be of sufficlent length to prevent
the occurrence of separation. An estimate of the proper
length may be obtained from the tast results. It may be
well to completely merga the afterbody into the rest of the
airplans.

Although the proper entrance size will probably be
determined while dosigning the duct, it is of interest to
know the entrance area or scoop silze which wlll make ths
sum of the lnternal and external drag a minimum in crulsing
or high~gpeed flight. This may ba found 1f the form drag
coefficlent based on frontal ares Cf 18 Imown for the par-
ticular shape of the scoop. The frontal erea may be con-
sldered to be the maximum section area bounded by the scoop
and the orlginal lines of the eirplene. Tha scoop drag 1s
equal to the form drag plus the drag chargeable to internal
flow losses. ZExpressing the frontal area as a coefficlent
times the entirance area kA, +the drag equation is

iy N Q.
D = CoqkdA, + ¢ (—-1 ....|.__.2+..
2455 T\, T 7Y

The rate of air flow @ and maximum duct area T will
be considered as fixed quantities, Differentiating with

respect to the entrance area, we obtain the relation for

minimum drag:

kcf+CfA-—--2c( ) (.AF_) (_-1 = 0
dA, FV

The wvalue of %%— 18 unknown ezcent for the case where
1

the scoop falring remains geometrically simillar wilth chang-

ing size. Here dlg

= 0 and the second term drops oute.

1 ey Q
If, 1n addition, we substitute KM/-B for--iv. the equa-
tion takes the form 1
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3 A S/B,F 2 P ’
or - ()7 (2) (B - ) e
K0y - 2c (q L i;

Deaign Illustrations

Thke application of the above formulas to the design
of a low drag scoon is illustrated in table IV. The optil-
mum scoop desizn is obtalned when the sum of the power
loss due to exiernai drag and the power loss due to the
internal expansion ic a minimum, If the fcrm drag of the
scoop 18 large, 1t is best to decrease the frontal arsea
at the expense of increasiprg the internal expansion lossj
while, if the form '‘dreg 18 low, & small internal loss
gives the best design. If the internsl expansion loss
cana be kept small by prerfect expemslon ducts, hlgh veloclty
entrances may be uzei; but the emount to be gained by im-
proving the interral expansion losg is very small if &
loy form dreg sccop ir used in the design. The e&bove ob-
servetions le2ad vs %0 salact a scoov that has low form
drag and a low vseloclty entraance.

The teble 1s constructed for a flight spaed of 400
miles per hour and an altitude of 20,000 feet. ZRates of
flow are determired for an lntercooler with a conductivity
of 0.2 and a rcgulrzd pressure drop of 60 pounds per square
foot, snd for # raillstor with A conductivity of 0.5 and a
pressure drop of 40 pounds per sguare foot., The expansion
coefficluont to be used depends on the angle of divergence
between the duct waile and consegusntly on the dlstance
between tke scoop antrance and tis ‘heat e=changer. For a
rouné duct with an angle of divergence of 5%, figure 13
glves a loss coefflcient of 0.13. A great duct length
would be necessary to inetall such & duct for usual values

A .
of A, and 3%. "Also, expanding ducts are usually nelither
round nor stralght. The value of ¢ = 0.13 l1s used 1in thre
table to represent a limiting condition rether than one to
be attalned. The value of .¢ = 1.0 ropresents a sudden
expension,

The form drag coefficlent besed on the scoop frontal
area, Gf, depends on how well ths scoon is faired and how

much frontal area 1t adds to the body on which 1t is
Placed. The lowest valuec obtainable is the increase due
to cresting a nosv opening in a streamline body without
increasing the frontal area. Refaerence 4 gives a value

of Gf = 0.008 for this case. This value may be regarded
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merely as a lower limit for an entrance located approxi-

. mately at _the forvard stegnatlon poirnt. For a well

falred scoop pvlaced so that the frontal area of the air-
plane 18 increased oy an amouht equal to the frontal area
of the scoop, & value of O, = 0.059 obtalned with scoop
A may be used. The values of Cp = 0.79 and Cp = 1.5

obtained with scoops E and F are lneluded to skow the ef-
fects of high form drag.

The ratlio of proJected frontal erea to entrance
area, k, 1ls determined from: the falring layout. Its value,
of course, depends on whether the scoop 1s falred for a
low~ or a high-speed entrance. Values of 1.0 and 2.4,
correspondling to the scoops tested, are used in the table.

Column 7 of tadble IV 1is computed from the relation

_ z
%—KT f—f

Rearranging the equation for minimum drag by putting o1l
known constants on the right side glves

(£-2) (£)" - %
A,/ 0oL ® (_L_:lp_)s/a
The solution for -%} may be obtalned from figure 15 and
18 given in column 8. The best entrance velocity, given
in column 9, equals (-;’-/fl\ 52.
The external form drag and the internal expansion

loss may be expressed as a paraslte drag coefficlent based
on wing area.

2
A F A r
o _a)<_> (P) L - ) LA
kf<r =)+ ok 1) 3= %,
The first term represents the form drag, the second the

expanslon loss, and GDP theilr sum, Numerical values

computed for F = 2,5 square feet and a wing area of 300
square feet are given in columns 11, 12, and 13.
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Table IV shows the shift of the optimum eatrance arsa

and velooity wlith change Iin Gf. In examples 1 to 4, as

Gf decreases from 1.5 to 0.008, the optimum i% increases

A
from 0,112 to 0.414.; %%. varylng inversely with 1% .

drops from 0.94 to 0.26. Thls means that, as the form
drag is decreased, 1i{ 13 most efficlent to lower the in-
ternal loss by increcesing the sigze of the scoop.

Thke effect of ckanglng ¢ from 1.0 to 0.12, as in
examples 5 to 8, ia epproximately to cut the optimum

Ay . v .
?F in half and double ?;. In examples 9 to 16, the con=-

ditions chosan for the radiator approximately doubled the

A
air flow; —=> varies nearly as EE or is nearly doubled;

v b by
?% is almost uncaanged.

It mey be observed that the paresite drag coefflcient:
GD has the same trend as tha form drag coefficient Gf.
b
In ezamples 1 to 4, as Gf ig rsduced from l.,5 to 0,008,
ch drons from 0.0028 to 0.0001.

Redvecinz ¢ from 1,0 %0 0.13 by introducing a gradual
expangior 1s skown In execples 5 to 8 to reducs GDP over

40 percent. However, in conasaring examples 4 &«nd 8, this
reduction 1s too incsignificent to show in the fourth deci-
mal place. 2Zxample 4 with %% = 0.25 1s similar to the
open-nose cowling. Evidently, witn this low entrance va-
locity 31t i1s limmaterial whether a sudden or a gradual ex~
pansion is used. On the other haad, with a high entrence
velocity a gradual oxpansion must be used and the utmost
care must be teken with duct desiga to prevent excessive
losases. Irrsgularities in the entrence reglon emsily upset
the flow, and =n ldeel expansion is tahus difficult to
realize in prectice. If the lesign calle for a small ean-
trance and idesal expansior is not recelieed, the intermnzl
loss will be much greater than the external drag saving.
It 18 therefors dasiroble to use as good an expansion as
convenient and to use an expaneion coefficient of unlty in
the design computations.

It is always nppeshaiyito cpmp&re the internal pres-
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sure drops with the over-all pressure drop availlable for
all flight conditions. This comparison may demand the
use of.a scoop larger than optimum.

CONCLUDING BEMARKS

The 1llustrations show .that the optimum scoop 1s de-
termined by a compromise between the power losses asgo-
clated with external drag .and internal losses so that the
sum of these losses is & minimum. Obviously, 1f the scoop
has a lerge form drag, the size wlll be reduced and the

"internal losses will be increased to obtain 'the best com-

promise. Conversely, i1f the scoop hdae & lo¥ form drag,
the frontal ares will be made relatively large theredy
reducing the internal losses to give the best compromise.

In the latter condition involving the scoop having
low form drag, a trivial reduction in power can he ob-
tained by reducing the frontal area dua to employing ducts
having 1deal expansions., Hovever, the experience and
knowledge reaquired to obtain thls triviai gain are out
of all proportlon to the advantags to bes obtalned.
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TABI® I.- DRAG AND DRAG INCREMENT FOR THE TEST ARRANGEMENTS

[op = 0.137]

Run |Scoopf  CGp | ACp ; O Condition '
1] - ]0.0138 |{~==-—=|-=—=| Bagic: alrplene with open nose and eir flow, no tail.
2] A .0151!0.G013 0.C39 | Streamline nose on scoop; axit closad.

2] A | .0155{ .0017{ .078}{ & = 5.5 sq in.3 Ap = O

4] 4 | .0131] .c013] .059!a = E.5 sq in.; A, = 3 sq in.

51 A .0183| 0015} .C68| A = 5.5 8q in.; 45 = 6 eg in.

6] A | .0195| .0057| .260 | A = 5.b aq in.; A= 17 eg ia.; 30° flap.

71 A .0153| 0015 .0286}4 = 11.1" 8q In.; 4y = & 8g ln.

Bl 4 .0156] .CO18| .C82 | 4 = 1i.0 8q in.; A, = 6 83 in.

9] A | .0199] .co61| .283 | & - 11.0 gq in.; A, =17 sq in.; 30° flap,

10y B .0155| .0017| .078{ A== 11.0 8q in.; Ag =0 :

11} B 0153} .0G015) .G68| A = 11.0 8q in.; Ap = 6.8 sq in.

12| ¢C .0186| .0017! .0768) 4 = 11.C 8q in.; Ag =0

13} ¢ .0157f .0C19] (€7 {4 = 11.2 8q in.; Ap = 7.4 3q in.

14| »p | .015% .0019| .0871 4 = 1l1.: sq in.; A.g =0

15{ .p | .0267] .CH19| .087 |4 = 11.0 g in.; = 3.8¢eq 1

16/ D,| .0163] .0085| .114| Junctura cut back 11/a in., 4 = 1 Os8qing dg =0
17 p,| .01 0085] .180 | Juncture cut back 2% in., A = 11.0 sq 1n.: Aa =0
18] »x| .01 .0017| .78 Scoop entrance moved back 8 in., 4= 11.0ez in.,; L3 =0
19] = .0233| .0085) .93 | Ho baifle, 4p = 0
20 ® 021¢| .0072y .79 | Ko baffle, 4, = 6 e&q in.
21l ¥ | .@75| .013711.50 | No baffle, 4z = O

o

61
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TABLE II.- AVAILABLE OVER-ALL PRESSURE DIFFERENCE

F ire, / |

Scoop @ ront pressure, p,fq Rear Exit AP/ q
(deg) N¥ose Lip Baffle | p,./a | P,/4

—2.1 0551 C L AL 0558 0566 "'0.22 0588
A 1-1 -58 . n & mo n64 571 --18 .89
8.7 173 e 8 S l76 l83 --07 .90
-2.1 0.50 0.G67 0.58 0.67 0.02 0.65
B 1.1 .59 O 64 « 72 i « 03 « 69
8.7 : l73 L l85 .75 .82 i .04 578

! !

T T i
-2.1 C.51 i 2.8&7 0.57 0.65| 0.09 | ©0.56
c 1.1 .59 | .73 .64 .71 ! .11 .60
8.7 1 73 .84 7B .81 | e16 .65

i ! i

H t :
2.1 | 0.52 | 0.60 | o0.s8 | 0.63| o0.02 | 0.61
D . 1.1 i .'55 i -59 .65 -71 | 502 i .69
= 8-7 | -78 ] -76 l74 § .80 i -03 I .77




TABLE III.- PRESSURE DROP ACROSS BAFFLE PLATE

21

Front pressure, pf/q_[

‘coop ( a ) ¢ A | ¢ Az S Rear |Exit |Ap/q

de 8q in. eq 1n, ]

8 4 e dose | Lip ' Beffle Pr/q' pe/q
-2.1[) I 0.5¢ |-=o— | 0.60 10.54|-——|0.06
1.1 L 3.0 .63 | ——cm .67 .59|-—-=| .08
8.7 J 080 e e 080 069 et 011
-2.1 i -1 R — .61 «40| ~===| .21
1,1{& 5.1 [y 6.0 .65 [~=== 1 .68 45| -—-=| .23
8.7 ) cB8l | —me- .78 e 53| ====] .25
-2.1 3 64 |eeec i 87 -.19)-~-=| .86
1.1/ +817.0 74 | e .76 | =.16[=-==| .91
s | 8.7y ) { .66 leeee 1 79 | -.0B|---=| .87
-2.1 M ! B4 {==== | .59 el mmmm |
1.1 p 3.0 | .64 jameet LE5 | L67jmmmm|emmm
8.7 i i .8l fe=—e A | 7Bl mm—e |
-2.1] i i .B6 |-=—- i .62 | .B7|--=-1 .04
l.1ir1C.2 [+ 6.0 l -65 {-——— | .67 ! .62/ ----| .05
B.7. K | .64 j~===1 .79 | _v2j----] .07
-2.1] i l 74 [==== | .71 | .10{=---| .61
1.1, r#17.0 | .83 je--= . .75 | L18]~---=| .63
8.7 L J- { .24 j--—-| .82 i .20)----| .62
{ T i— 1 +- |
-2.1] , 1 0.58 '0.79 | 0.64 lo0.57/0.12]0.07
3| 1.1y 0.2 | 6.8 | .70 | .85, .71 .63 .13| .08
8.7 | | .83 | .20 | .80 .68 .15] .12
1

-2,1 .54 i0.74 | 0.61 0.57:0.24 0,04
C | 1.1] 10.2 7.4 .64 | .79 . 67 .61 .26 .06
8.7 i .82 ! .89 .78 .70! .32| .08
-2.1 0.68 {0.60 | 0.66 0.66/0.130.11
D | 1.1] 10.2 6.8 .68 | .67 .71 .60 .12] .11
8.7 i .82 | .76 .83 .67 16| .15
~2.1 10.70 |-==m | ==== 10.39|C.05 |--—-
B | 1.1{ Open 6.0 76 |omcn | amaa 48! ,10 |~==-
8.7 : -1 S PR p— .58! .16 |===-

8rhe 30° flap.




. TABLE IV.-~ SCOOPS FOR KINIMUM IRAG

400 !mh 20,000 ft altitude

L-334

= |

| @ | @ () | (5) 1(a)l () 1 (8) 1(9’ (10) | (11)* (13)* (13)*
J AP L
Exemplel K  |(1b/ o Ce | k Q’“‘ l L | Bl W | MFl s apY/FE 2r
8g ft) Hfps): F (nrph)i v | TS5 ( ) 1) S cnp
o oo — — == —...Ip-.-.‘-.._r_._ r_
1 “ g.!i 1.5 11 l0.122! 373 | 0.92 | 0.0020 0.0009 0.0029
2 ® &y M il g gl -186; 509 | .77 | .0013 .0006 .0018
3 |l o Ho: .059!2.4; "% 234l 199 | a5 i .0004 .0002 .0006
4 g 02| & e .008 2.4 josidi301) .28 ¢ L0001 .0000 .0001
5 B Sa0-18/1.5 11 {.057) 782 1.8 10.0010 G.0005 0.0015
6 » anl 18] .79 {1 g S.i .071) 594’148 ¢ L0007 .0003 .0010
7 a & @l .13] .0E9iz.£ 203 331 | .85 | L0002 .0001 .0003
8 | .13] .008'2.4 .aso; 182 | .46 1 .0001 -0000 -0001
9 g 1.5 11 0.218] 592  C 98 I"C.003° 0.0015 7.0064
10 Sel | 781 | . .265| 328 | 23 .0009 Z.0034
11 M 'ggﬁ 089 2.41°9-51 4301 199 | 50 .0007 .0003 .0009
13 ® A ;qggl_a.-_;_,_____ 088|185 .51 | .0002 .0000 .0002
13 - 05 O 0315 |1 0. 1157 7u5 L. 86| 0.00R1 0.0009 170.0060
14 o B 13 .70 1 125.6| ‘13| 808 |1.32 | .0013 .0006 1 .0019
15 u o g%] 13; .059|2.4}<°" aqo, 357 se .0004 .0003 .0008
16 1® 9 13| .o0si2.a| | .esie0z2l . .0001 .0000 .0001
*Calculated for F = 2.5 8q ft and S = 300 sq ft.

ge
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NACA Figs. 3,4

=TT AT T e e et

Figure 3.- Nose for scoops A,B, and C. Static pressure
orifices at &, bottom center line; b, corner;
and ¢, fillet.

Figure 4.~ Model with scoop A, exit closed.




NACA . Figs. 5,6

Figure 5.- Mocdel with scocp A, 30° flap.

Pigure 6,- Exit of scoops B end D.



NACA Figs. 7,8

Figure 7.- Model with scoop D, exit closed.

™

Figure 8.~ Model with scoop L, exit open.




NACA Figs. 9,10
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Figure 9.- Force test results Figure 10.- Force test results on
on basic model. model with scoop B,
air flow.
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